Until recently, methicillin-resistant Staphylococcus aureus (MRSA) was considered the prototype of a hospital-acquired bacterial pathogen. However, recent reports have shown that MRSA has now emerged in the community. Characterization of specific markers for distinguishing the origin of isolates could contribute to improved knowledge of MRSA epidemiology. The release of whole-genome sequences of hospital-and community-acquired S. aureus strains allowed the development of whole-genome content analysis techniques, including microarrays. We developed a microarray composed of 8,191 open reading frame-specific oligonucleotides covering >99% of the four sequenced S. aureus genomes (N315, Mu50, MW2, and COL) to evaluate gene contents of hospital-and community-onset S. aureus strains. In parallel, pulsed-field gel electrophoresis, variable number of tandem repeats, antibiogram, staphylococcal cassette chromosome-mec element typing, and presence of the Panton-Valentine leukocidin gene were evaluated in a collection of 15 clinical isolates. Clusters obtained with microarrays showed a high degree of similarity with those obtained by pulsed-field gel electrophoresis or variable number of tandem repeats. Clusters clearly segregated hospital-onset strains from community-onset strains. Moreover, the microarray approach allowed definition of novel marker genes and chromosomal regions specific for given groups of isolates, thus providing better discrimination and additional information compared to pulsed-field gel electrophoresis and variable number of tandem repeats. Finally, the comparative genome hybridization approach unraveled the occurrence of multiple horizontal transfer events leading to community-onset MRSA as well as the need for a specific genetic background in recipient strains for both the acquisition and the stability of the mec element.
Methicillin-resistant Staphylococcus aureus (MRSA) is the causative agent of a wide diversity of diseases ranging from benign skin infections to life-threatening diseases such as endocarditis, osteomyelitis, sepsis, and toxic shock syndrome. MRSA was previously described as a typical nosocomial pathogen (2, 4, 30, 37) , but recently, several outbreaks in the community have been reported (9, 29) . Although exportation of nosocomial MRSA lineages to the community explains some cases, epidemiologic and genetic elements suggest that the community holds specific strains harboring different genetic backgrounds (11, 20, 52) .
Specific markers have been identified to distinguish community-from hospital-acquired strains, such as antibiotic susceptibility profiles (antibiograms), toxin contents (toxinograms), and staphylococcal cassette chromosome (SCC)-mec typing. Most of these markers are carried by mobile genetic elements or located in genomic islands, suggesting transmission by horizontal transfer (3, 38, 57) . Phylogenic trees arising from molecular techniques such as sequencing of highly conserved genes (multilocus sequence typing [MLST] ) or from enzymatic cleavage of genomic DNA (pulsed-field gel electrophoresis [PFGE] ) demonstrated that community and hospital strain populations are clearly divergent (57) , originating from different ancestral clones. These molecular methods contributed to the solution of central phylogenetic issues. MLST revealed a powerful macroevolutionary tool recognizing common ancestries, while PFGE displayed appropriate resolution power for distinguishing outbreak events and providing microevolutionary analysis (6, 36) . However, these methods appear poorly informative for the study of specific gene contents in whole bacterial genomes. Identification of specific genes would considerably deepen our knowledge of epidemiologic markers and bacterial mechanisms implicated in Staphylococcus aureus dissemination. Clearly, such information is accessible only with a whole-genome approach.
Recent progress in high-throughput sequencing techniques yielded the publication of numerous S. aureus genomes, thus facilitating the discovery of sequences that are variably repeated in the different sequenced strains. Those variable numbers of tandem repeats (VNTR) facilitate a new type of multilocus analysis. VNTR was successfully applied to the molecular study of numerous bacteria (40, 45, 46) , including MRSA (22, 27, 47) .
Genome sequence data also permitted the development of DNA oligoarrays for evaluating the presence and/or expression of genes in whole genomes of several bacterial pathogens (5, 28, 49) . The use of microarrays for studying MRSA genomic contents showed that 22% of the genome is dispensable, containing mainly virulence and resistance factors. Moreover, these regions contain mediators of lateral gene transfer such as transposase and integrase genes (21) . Recently, Saunders and colleagues used a microarray only composed of virulence-as-sociated factors and core genes (used for MLST) to study the evolution and pathogenic potential of S. aureus isolates. This array yielded a coherent phylogenetic tree (using core genes) yet provided interesting epidemiological information on the potential evaluation of strain virulence (50) .
To further analyze S. aureus gene contents and provide a more detailed molecular map, we developed an oligoarray (10) based on the genome of four fully sequenced S. aureus strains: MW2 (3), N315 (38) , Mu50 (38) , and COL (http://www.tigr .org/tdb/mdb/mdbinprogress.html). This array is composed of 8, 191 open reading frame (ORF)-specific oligonucleotides allowing Ͼ99% coverage of these four genomes. To find molecular signatures specific for hospital-acquired or communityonset strains, we examined the genomic contents of 15 MRSA isolates. Strains are classified as community-onset MRSA (CO-MRSA; 13 strains) or hospital-acquired MRSA (HA-MRSA; 2 strains) according to genetic markers previously described; we also included clinical data (age, sex, sampling date). We compared clusters obtained by hybridizing genomic DNA on microarrays (genomotyping (34) , PFGE, and VNTR. The microarray approach provided better discrimination. Furthermore, it allowed definition of novel marker genes and chromosomal regions specific for given groups of isolates, thus enriching our molecular arsenal for epidemiological monitoring.
MATERIALS AND METHODS
Strain collection. CO-MRSA strains were selected from a collection recovered during a screening study performed at hospital admission between February and August 2003 (26) and from ongoing surveillance of MRSA in the Geneva community. Thirteen strains were randomly selected as potential CO-MRSA according to their antimicrobial susceptibility profiles, SCC-mec element type, and presence of the Panton-Valentine leukocidin (PVL) gene. Moreover, 2 MRSA isolates (strains I and II) were added as controls, representative of our predominant HA-MRSA clone ( Table 1 ). Note that strains IX through XII and strain XV originated from three members of the same family.
Microbiologic methods. Identification of MRSA was performed on oxacillinresistant S. aureus plates (Oxoid, Basingstoke, United Kingdom). Further identification of MRSA was based on Pastorex agglutination (Bio-Rad, Reinach, Switzerland), DNase reaction on agar, and growth on Mueller-Hinton oxacillin plates (6 mg of oxacillin per ml). MRSA identification was confirmed with the Vitek 2 identification and susceptibility testing cards for gram-positive bacteria (bioMérieux, Marcy l'Etoile, France).
DNA extraction and purification. Genomic DNA (gDNA) was prepared from isolated colonies grown overnight on Mueller-Hinton agar at 37°C. Briefly, 10 9 cells were lysed in 100 L Tris-EDTA buffer (10 mM Tris-1 mM EDTA, pH 8) containing 50 g/ml lysostaphin (Ambicin; Applied Microbiology, Tarrytown, NY) for 10 min at 37°C. DNA was then isolated and purified using a DNeasy kit (QIAGEN, Hilden, Germany) according to the manufacturer's instructions, including RNase treatment. DNA quantification and protein contaminations were assessed by using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Inc., Rockland, DE).
PVL, mecA detection, and SCC-mec typing. PCR assays were conducted to evaluate the presence of the mecA gene (23), the Panton-Valentine leukocidin gene, and the SCC-mec type element (24) .
DNA preparation for pulsed-field gel electrophoresis. Epidemiological typing of MRSA isolates was performed by PFGE of chromosomal DNA digested with SmaI (Bio-Rad) using a CHEF MAPPER system (Bio-Rad, Hercules, CA), according to established protocols (8) . The banding patterns of the different gels were analyzed with GelCompar software (v. 4.1; Applied Maths, Belgium). Interpretation of the fragment patterns was based on published criteria (7) . Patterns differing by one to six DNA fragments were considered subtypes, and those distinguished by seven or more DNA fragments were considered distinct types (14, 53) .
Multiple-locus VNTR typing. The VNTR typing assay was performed as previously described (22) but with the addition of the following two primer pairs for assessment of a total of 10 target genes: SAS-F (5Ј-TTG-GAA-CAT-TCG-AAT-ATA-CAG-AGT) and SAS-R (5Ј-TCG-ATG-TAC-TGT-CAC-TTA-ATG-ATG); plsR2-F (5Ј-AAT-TAC-AAC-GCC-TCA-AGC-TG) and plsR2-R (5Ј-GCA-CCA-TGG-ATG-ATT-ACT-TC).
SCC-mec sequencing. Genomic DNA of strains III, VI, VII, and VIII was extracted as previously described (24) . The amplification reaction was performed in a PTC 200 Peltier thermal cycler (MJ Research, Inc., Watertown, Mass.) in a 20-l reaction volume. Amplification conditions and sequencing primers for the cassette chromosome recombinase (ccr) genes were selected according to the method of a previously published study (43) . DNA sequencing was performed with an ABI Prism 3100 sequencer (Applied Biosystems). Homologies were searched using BLAST (http://www.ncbi.nlm.nih.gov/BLAST/).
Multilocus sequence typing. MLST was performed on all isolates by PCR amplification of internal fragments of seven housekeeping genes by using previously described procedure and primers (17) . PCR products were sequenced with an ABI Prism 3100 DNA sequencer (Applied Biosystems, Foster City, CA, USA). Allele numbers were assigned according to the program available from the MLST website (http://www.mlst.net) ( Table 1) . Microarray hybridization and scanning. Our whole-genome Staphylococcus aureus DNA microarray was designed and validated as described by Charbonnier et al. (10) . Test and reference gDNAs (1 g) were labeled with cyanine-3 or cyanine-5 dCTP (NEN, Perkin Elmer) using the BioPrime DNA labeling kit (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. Unincorporated fluorescent nucleotides were removed using Centrisep columns (Princeton separations, EMP Biotech, Berlin, Germany). Cy-3-labeled gDNAs from the four reference strains used to design the microarray: 0.125 g from each strain (54) were mixed with 0.5 g of Cy-5-labeled test gDNA in hybridization buffer (Agilent Technologies, CA), for a total volume of 250 l. The hybridization mixture was heated to 95°C for 2 min, and then hybridization was performed for 17 h at 60°C with rotation in a dedicated hybridization oven (Robbins Scientific, Sunnyvale, CA). Stringent washings were then performed according to the manufacturer's instructions. Slides were dried under nitrogen flow and scanned (Agilent Technologies, CA) using 100% photon multiplier tube power for both wavelengths using the Agilent scanner.
Microarray analysis. Fluorescence intensities were extracted using Feature extraction software (version 6.1.1; Agilent). Local background-subtracted signals were corrected for unequal dye incorporation or unequal load of the labeled product. The algorithm consisted of a rank consistency filter and a curve fit using the default LOWESS (locally weighted linear regression) method. Additional software was developed in-house to analyze the processed data. This software filtered the data to exclude irrelevant values, as flagged by the extraction software. The background noise of each experiment was evaluated by computing the standard deviation of negative-control intensities. Features whose intensities were smaller than the standard deviation value of the negative controls were considered inefficient hybridization and discarded from further analysis. The software calculated for each spot the logarithm of the ratio between the test channel and the control channel (log ratio). Since the control signal is present in each spot, this log ratio corresponds to a per feature normalization. Computed log ratio values were further sorted into 150 bin categories and fitted with a Gaussian distribution curve, using the Levenberg-Marquardt algorithm. The software estimated the presence probability of each oligonucleotide probe (EPP), as previously described (34) . As clearly documented in the work of Kim et al., we used the most stringent EPP value, as our study was focused on "strict divergent gene analysis parameter." EPP values of Յ1% (each oligonucleotide probe) were extracted and considered absent features in the test channel; we concentrated on the subset of probes predicted to reliably detect MW2 gene targets (10) . The list of absent features from each experiment was then clustered by the software using Dice distance and the group average linkage algorithm to construct a hierarchical cluster tree (15) . The extensive list of these genes, absent in at least one of the tested strains is shown in a supplemental table (http://www .genomic.ch/sup3.php).
Verification of divergent genes. Projection of absent features onto the genome map of MW2 (Genome Viewer Software) (33) identified regions of difference between our collection and MW2. Flanking primers were designed with Jellyfish software (LabVelocity) to control the size of the amplicons spanning these regions of difference.
We also designed primers to assess a selection of 11 cluster-specific genes. As each gene is covered by one to eight oligonucleotide probes on our microarray, selected gene targets ought to have every covering oligonucleotide probe present (or absent) to be selected. Target genes and regions within different clusters were amplified using 13 PCRs after protocol optimization using MW2 genomic DNA as a target control (primer sequences are shown in Table 2 
RESULTS
Strain selection and characterization. Among 13 strains defined as potential CO-MRSA by their antimicrobial susceptibility profiles, only 10 (77%) possessed the gene of the PVL toxin, contrasting with previous reports suggesting that it was an efficient marker of CO-MRSA (57); however, further study confirmed our local prevalence (39, 42) . The two other selected strains were negative for the PVL toxin yet displayed a highly resistant antibiotic profile ( Table 1 ). The type of SCCmec element has also been reported as an important marker for distinguishing community acquisition from hospital acquisition (22, 48) . Indeed, among our PVL-positive strains, 7/10 carried a type IV cassette and 3/10 carried a type V cassette. Among the remaining 3 strains, two additional were type IV (15%) and one revealed type III (7%). Antibiotic susceptibility profiles (Table 1) showed that the two nosocomial strains displayed a broad resistance spectrum (strains I and II), as opposed to the CO-MRSA, which showed more susceptible and variable resistance patterns. Genomotyping and hierarchical clustering by microarray. The listing of gene targets reported to be absent by genomotyping was employed for cluster analysis. We arbitrarily defined a cutoff of 52% that segregated our strain collection into four clusters (Fig. 1) . Cluster A was composed of seven strains containing the PVL toxin and a SCC-mec IV element. These isolates were resistant to penicillin and oxacillin but susceptible to the majority of antibiotics tested (Table 1) . We found in this cluster all isolates collected from patients of the same family (strains IX, XI, and XII were isolates from the father, XV was an isolate from the grandfather, and X was from the daughter). This cluster contained also two isolates (strains XIII and XIV) epidemiologically unrelated to the described family outbreak. We determined a similarity of Ͼ65% between strains that composed this cluster and of Ͼ70% between isolates of the same family (included in cluster A). Cluster B was composed of PVL-positive strains with a SCC-mec V element but was epidemiologically unrelated to cluster A. As shown in Table 1 , these strains were resistant to gentamicin and susceptible to fusidic acid, as opposed to strains from cluster A. In this cluster, we noted a Ͼ75% similarity to and a Ͻ55% difference from cluster A. Cluster C was composed of three PVL-negative strains with variable antibiograms, two of which possessed a SCC-mec IV cassette and the remaining one possessed a type III cassette. Finally, cluster D contained the 2 HA-MRSA control strains, displaying a SCC-mec I element. This final cluster showed the least similarity (only about 30%) to the other ones.
Pulsed-field gel electrophoresis. Figure 2 shows the 16 PFGE lanes that segregated into four major clusters. These four clusters showed the same strain composition as those previously assessed by microarray analysis. Cluster A included all five strains from the family outbreak, two unrelated isolates (strains XIII and XIV), and strain MW2, considered a model of community-acquired MRSA (3). Note that strains IX, X, and XIV appeared clonally related by PFGE. Cluster C and cluster D were composed of PVL-negative CO-MRSA strains and control HA-MRSA, respectively. The most distantly related cluster, cluster B, included three PVL-positive strains with a SCC-mec V cassette.
Multiple-locus VNTR typing. VNTR results were analyzed with in-house software, as described elsewhere (22) . Again, cluster composition was similar to that previously determined by microarray analysis or PFGE (Fig. 3) . A high degree of similarity was observed within cluster A, except for strain XIII, which displayed a 10% divergence from the other strains composing cluster A. This represents the lowest discriminatory power among the three methods describing this cluster. As for PFGE, clusters C and D were closest to cluster A. Strains constituting cluster D appeared to be clonally related by VNTR. MW2, which coclustered with cluster A by PFGE, appeared very distantly related using VNTR. These data and clustering analysis were confirmed by another independent determination (not shown).
MLST analysis. All 15 MRSA isolates were further analyzed by MLST. Strains I and II belong to ST228. Strains III and IV and strain V from cluster C revealed ST239 and ST8, respectively, both being major clones belonging to CC8. Strains VI, VII, and VIII from cluster B belong to ST152, while six of jcm.asm.org seven strains from cluster A belong to ST80. The last one, strain XIV, was nontypeable (Table 1) . Circular genome view. The previous identification of four different clusters was used to identify and map oligonucleotide probes into cluster-specific groups. A cluster-specific oligonucleotide probe is defined as failing to detect its target gene in all strains of a given cluster. Analyses were performed with an EPP of Յ1%, corresponding to the most stringent available condition. Of 6,201 MW2-specific oligonucleotide probes covering 2,632 ORFs, analysis revealed that 93 (3.5%) to 520 (19.7%) probes failed to detect their cognate targets. Fiftyseven to 335 of these probes were cluster specific, i.e., absent in all strains that compose a given cluster. Surprisingly, strains of the B cluster show the largest number of divergence from MW2 (335 absent oligonucleotide probes). Cluster-specific oligonucleotide probes were displayed on the genome of MW2 (Fig. 4) , thus revealing that genome regions appeared discriminatory between different clusters. To confirm this observation, cluster-specific regions and selected genes were further analyzed by PCR amplification.
Validation of microarray results. We analyzed by PCR the presence of 11 genes showing a divergent presence between the four observed clusters. To select a gene, we required that all probes covering that gene revealed its absence in all strains of a given cluster. We also studied two chromosomal regions consisting of more than three contiguous ORFs that were absent in one or more clusters compared with the communityacquired reference strain MW2. Those targets appeared widely distributed on a full-genome scale (Fig. 4) . Among our selection, genes I, II, III, and IV were present in every cluster except cluster B. They encode a hypothetical protein similar to lowtemperature-requirement A protein, a fibrinogen-binding protein, a serine protease, and a hypothetical protein similar to the dihydroflavone-4-reductase, respectively (corresponding to the following ORF numbers on the genome sequence of MW2: MW0329, MW1040, MW1753, and MW0305). Gene X (MW0105), encoding a capsular polysaccharide synthesis protein, was expected to be absent in all the strains composing cluster B. However, an amplification band was observed in all strains composing this cluster (figure not shown), suggesting a too-stringent selection of the cutoff. Two genes were selected to characterize cluster C: a hypothetical protein similar to the two-component sensor histidine kinase (gene VIII, MW0622) and a hypothetical protein (gene IX, MW2515). PCR confirmed their absence in strains from cluster C only. Gene V (MW1327) was absent in cluster D only, as determined by microarray and PCR; it encodes for a threonine deaminase homolog. Gene VI (extracellular enterotoxine L, MW0760) was absent in all the strains excepted in MW2 and strain XIII. Gene XI (MW1864) encodes for a truncated transposase present in all strains and was thus considered a positive control for genomotyping. The last gene (gene VII, MW0447) was absent from strains of cluster A; it encodes a conserved hypothetical protein.
Two regions of difference were selected. As expected, regions A and B displayed 28.77 and 31.38% GC content, respectively, a lower value than the average 32.80% GC content measured in the MW2 genome (3). Primers were designed flanking the zone of interest to generate amplicons of different sizes. Jellyfish software (LabVelocity) was used for primer selection and amplicon size determination. As PCR primers were designed in conserved regions, flanking the region of divergence, we were able to calculate the theoretical size of the PCR product. Region A (MW1206 to MW1209) is composed of ABC transporters (MW1206 to MW1207) and a two-component histidine kinase sensor and regulator (MW1208 to MW1209). Based on the MW2 genome, amplification of region A (Fig. 5a ) was expected to yield a 5,987-bp fragment, in agreement with our MW2 control strain that yielded a 5,585-bp amplicon. Strains constituting cluster A yielded an amplicon size of 2,761 bp (minimum, 2,600 bp; maximum, 2,944 bp) (Fig. 5A ), in agreement with the predicted size of that conserved region. However, no amplification signal was recorded from strains of cluster B. In cluster C, strains IV and V displayed a shorter band than MW2, but their coclustering strain III yielded a band of 6,333 bp, with a probable insertion of approximately 300 bp.
Region B (ORFs MW2308 to MW2313) contains two hypothetical proteins and a transcriptional regulator. This second region (Fig. 5B ) generated a 3,893-bp band when using strain MW2, in agreement with the predicted size of 3,957 bp. Cluster A yielded an average size of 1,929 bp (minimum, 1,821; maximum, 2,028), in agreement with the predicted conserved region. In cluster B, only strain VI yielded a 4,564-bp amplicon, thus showing a probable insertion in this region. On average, amplicons measured 4,138 bp and 4,163 bp when originating from clusters C and D, respectively. Taken together, these results suggest that our conservative genomotyping approach allowed accurate detection of two regions of difference.
DISCUSSION
Numerous recent reports about community-onset MRSA contributed to convince experts that its epidemiology represents an emerging and worldwide concern (57) . The study of evolutionary relationship of MRSA in the community is controversial; while some studies report a clonal origin for CO-MRSA, others suggest a more distant relatedness between clinical isolates (16, 41) . We describe here the characterization and analysis of a collection of CO-MRSA strains using whole- The combined use of different genotyping methods applied on the same panel of strains yields an improvement in overall resolving power. Frequently, laboratories associate two genotyping techniques, one focusing on slow evolutionary genetic markers and another one addressing rapid evolutionary elements. MLST is considered the reference method for studying relatedness between strains (18), while PFGE is recognized as the gold standard method for outbreak analysis (32, 36) . However, PFGE can display an overly discriminant power by segregating clonally related strains (6) ; and under special analysis criteria, PFGE and MLST have the same level of discrimination (44). Coombs et al. (13) have proved the efficiency of a combined approach using MLST and analysis of the mec element; moreover, the latter provided substantial complementary epidemiological information. One should also keep in mind that MLST can group unrelated strains under a common profile (55, 58) , thus revealing insufficient discriminatory power. From our study, discriminatory power obtained by VNTR appears lower than that of PFGE and comparative genome hybridization techniques. However, strain relatedness, as established with cluster composition and arrangement, was identical using VNTR (Fig. 3 ) and PFGE approaches (Fig. 2) . The main advantages of VNTR reside in its low cost, moderate time consumption, and high typing resolution (23) . Cluster analysis by microarrays is clearly the most discriminative of the three methods. The cluster composition is identical to the two previously cited methods, although it shows a slightly different arrangement; this observation was also described by Koreen et al. (36) . Moreover, the comparative genome hybridization technique, consisting of mapping the whole chromosome (at a frequency of 1 probe every 400 to 500 bp using our array), allows precise evaluation of variation between clusters and even between strains within each cluster. This global overview of the genomic composition highlights the biological signature of different clusters.
MLST studies revealed that the main clones were ST5, ST8, and ST239. Among them, some specific genetic backgrounds appear able to acquire SCC-mec elements I, II, III, and IV, while others appear capable of displaying only one of them (18, 19) . This observation strongly suggests that the acquisition of the mec element occurred during several independent acquisition events, i.e., the horizontal transfer of genetic material between different strains (52) . For instance, the SCC-mec type IV (associated with the presence of the PVL gene and considered a specific marker of community-onset strains) is found integrated in a wide diversity of genetic backgrounds and in different clones, including ST5 and ST8 (19) . On the contrary, our study and a previous one performed in Switzerland (25) suggest that the new SCC-mec type V cassette is recovered only in a particular genetic background, namely ST152. An Australian study was recently able to link the presence of the mec V element to three different sequence types: ST152, ST8, and ST45 (13) . By combining VNTR, PFGE, and microarrays, we confirmed that SCC-mec V-related strains appear extremely homogeneous and distantly related to all other strains, either CO-MRSA or HA-MRSA. This may signify that the mec V mobile element needs a particular genetic background to be acquired and stabilized. In our study, CO-MRSA strains were found to belong to major epidemic clones: strain IV and V mec IV belong to ST8 (epidemic MRSA strains EMRSA-2 and EMRSA-6), while strain III, carrier of the mec III element, belongs to ST239. As we do not differentiate mec III from mec IIIA, we were unable to attribute this strain to the Brazilian clone (mec IIIA) (56) or to the Hungarian clone (mec III) (35, 51) . All but one strain from cluster A belonged to ST80, a preponderant clone in Greece and also carrier of the Panton-Valentine toxin (1).
We were unable to attribute a sequence type to strain XIV, as sequencing results yielded a novel allelic profile. Interestingly, this profile differed from that of ST80 by one nucleotide only.
Taken together, these observations within that small strain collection suggest (i) the occurrence of multiple horizontal transfer events leading to CO-MRSA and (ii) the presence of specific genetic backgrounds for the acquisition and stability of the mec element (31) .
An advantage of typing the whole bacterial genome is the possibility of detecting regions of difference between clusters of strains. In this study, we were able to identify different types of CO-MRSA strains: MRSA strains with the SCC-mec V element, CO-MRSA related to the reference strain MW2 (mec IV type), and other CO-MRSA strains (mec IV type or mec III type). Using our genomotyping analysis, our strain collection (21) . Discrepancies can be explained by the use of different analytical methods and diversity of strain collections. For instance, we used a very conservative EPP value, whereas other authors reported the absence of genes with EPP values as high as 19% (12) . Thus, we expect that our approach might have missed genes that were truly absent in different strains. Whereas Fitzgerald et al. (21) compared MRSA and methicillin-susceptible S. aureus strains of human, ovine, and bovine origin to the lab strain COL, we focused on the CO-MRSA isolated recovered in our region and compared them with the human pathogen MW2. As expected, regions of difference are mainly localized in genomic regions exhibiting low GC contents and thus likely to derive from horizontal transfer (21) .
Genomotyping enables a precise overview of the genetic contents of a strain during a single experiment. Such microarray experiments highlight nonessential regions specific to some strains and permit definition of clusters based on such biological signatures. Thus, they permit not only typing and characterization of clinical isolates with high resolution capacity but also identification of genetic markers characterizing the origin of the strains. In this context, microarrays appear to be a powerful tool for comprehensive genotyping and further understanding of genetic plasticity and strain dissemination.
